Abstract. Large areas of the £eba River catchment are inaccessible for fish because of barriers, and this reduces significantly their spawning possibilities. The sea trout Salmo trutta L. population in the £eba River is sustained through compensatory stocking with smolts. In the autumn of 2007 and 2008, seventy two sea trout were caught in a lake, through which the river flows, several kilometers upstream from its mouth. These individuals were tagged with radio transmitters that were recorded by two automatic stations in the river. They were also monitored with active telemetry. Only 26 of these fish moved upstream (41% in 2007 and 33% in 2008), and five reached the spawning grounds. Neither the release location in the lake nor the size of the fish influenced the timing of the fish entering the river or the extent of their migration. Among the fish originated from smolt stocked in the river segment below the lake, 24% continued to migrate and entered the river after approximately 5.7 days, as compared to 45% of the wild fish entering the river after approximately 2.3 days. Most of the stocked fish remained in the lower reaches of the river, upstream from the lake.
Introduction
Several small rivers flow from the moraine hills of northern Poland into the southern Baltic Sea. The character, gradient, and thermal regime of these rivers are advantageous for salmonid fish spawning so they all had populations of sea trout Salmo trutta L., and some even had populations of salmon Salmo salar L. (Bartel 1988 (Bartel , 2001 . Beginning in the early twentieth century, hydroelectric plants were constructed on nearly all of these rivers, which limited access to the upper river catchment area and most of the spawning grounds. Salmon populations became extinct because of barriers, increasing water pollution, and increased fishing pressure in the Baltic Sea (Bartel 2001) .
The negative effect of barriers, even those equipped with fish passes, is well reported (Webb 1990 , Aarestrup and Jepsen 1998 , Linnik et al. 1998 , Hansen et al. 2000 , Karppinen et al. 2002 . The impossibility of free migration forces sea trout to look for alternative often accidental spawning grounds (Dunkley and Shearer 1982, Gerlier and Roche 1998) . Occasionally, fish miss their natal tributaries and try to reach the upper parts of rivers. This phenomenon of wandering, called as "over-shooting" (Hara 1993) , was observed during a few radio telemetry studies Jepsen 1998, Svendsen at al. 2004 ). In many cases it happens because sea trout or salmon failed to pass the weirs in tributaries.
Sea trout, however, managed to survive in some rivers until the compensatory smolt stocking program was initiated in the 1970s. Coastal rivers were stocked in the 1970s and 1980s with approximately 150,000 individuals annually (Dêbowski and Bartel 1996) . This figure increased in the 1990s and early 2000s to over 400,000 individuals (ICES 2010). These smolts were released primarily into the lower reaches of the rivers, and often into their mouths.
At least some spawning sites are known in each catchment, and high densities of sea trout parrs are often confirmed in them (ICES 2010); however, the role of natural recruitment in sustaining these populations is unknown. It is also unknown to what degree fish originating from stocking participate in spawning. It is assumed that they would have difficulties locating spawning grounds. Long-term smolt tagging has indicated that they become disoriented during return migration and many are caught in other rivers (Dêbowski and Bartel 1995) .
The aim of the current studies conducted on one coastal river, the £eba, was to answer the following questions. The main aim was to determine the impact of barriers equipped with fish passes in the lower river course on migration. The second aim was to assess the probability of differences in migration rates between fish released as smolts and wild fish. Finally, the course of sea trout migration and the number of fish reaching the spawning grounds were examined.
Materials and methods

Study area
The £eba is one of a few small rivers that flows directly into the Baltic Sea along its southern coast (geographic co-ordinates of the river mouth: 17.5507 E and 54.7680 N) (Fig. 1) . In its lower reaches, the river flows through Lake £ebsko (surface area of 71.4 km 2 ), which is the third largest lake in Poland. This highly eutrophic basin has a maximum depth of 6.3 m and a mean depth of 1.6 m. When wind strength and direction are favourable, sea water flows into the lake through a 3.1-km-long, channelized segment that connects the river to the sea. This periodically increases the salinity of the lake waters to 3‰. The lower run of the river and the lake are within the boundaries of the S³owiñski National Park.
Twenty-one species of fish occur in the £eba catchment, among which the dominants are brown trout Salmo trutta L., three-spined stickleback Gasterosteus aculeatus L., and nine-spined stickleback Pungitius pungitius (L.) (Dêbowski et al. 2002) . The numerous barriers mean that only a small area of the catchment is available to migrating fish, namely 60 km in the £eba River and a few small tributaries in the lower reaches. The available segment of the £eba has only a slight gradient and is channelized. The main potential and historical spawning grounds are located upstream from the barrier. The area of the current spawning grounds is small, and it is concentrated mainly in the £eba downstream from the mill that halts migration and in the small tributary Okalica (Fig. 1) . Additionally, there is a dam at 47 km that fish negotiate by leaping over or using the fish pass. The density of sea trout parr near the spawning grounds has reached 300 ind. 100 m -2 in recent years (ICES 2008) .
Since the 1960s, the river has been stocked systematically with sea trout smolts and fry. These are the progeny of fish migrating to spawning grounds that are caught each year in trap nets in Lake £ebsko. Smolts aged 1+ and 2+ are released to the river segment that connects the lake with the sea, several tens of meters from the river mouth, in quantities ranging from 10,000 to 50,000 individuals annually. Fry is released mainly into tributaries in quantities that have recently reached 400,000 individuals annually.
In the past five years, commercial fisheries have caught from 311 to 772 kg of sea trout, mainly for breeding. Intense angling that targets mainly kelts is practiced in the river; the size of these catches is unknown.
Telemetry
The studies were conducted in autumn 2007 and 2008. Adult sea trout were caught with trap nets in Lake £ebsko near the river outlet (in 2007 and 2008) , or in the vicinity of the peninsula on the southeast shore of the lake (in 2007) (Fig. 1) . The fish were anesthetized with a solution of Propiscin (2% etomidate). Transmitters were placed in the stomachs of the fish (Bridger and Booth 2003) . The parameters of the device were as follows: model F1840B manufactured by Advanced Telemetry Systems, Isanti (ATS), MN, USA; weight -22 g; transmitting on individual frequencies within the range of 154.000 to 154.999 MHz; signal frequency -50 ppm; fitted with motion sensors generating additional signals and a "death" function (switching to a frequency of 100 ppm after 12 h of no transmitter movement). The fish were released in the vicinity of the site at which they had been caught; this was either near the river outlet, which was about 9 km from the inlet, or near the river inlet into the lake for the fish caught near the peninsula (Fig. 1 ).
In 2007, 27 fish (18 males and 9 females) from 45 to 73 cm of length (FL), were tagged November 6 or 15. Of these, 15 were released near the river inlet into the lake, while 12 were released near its outlet. In 2008, 45 fish measuring from 51 to 77 cm were tagged from October 9 to 30. Among these fish there were 21 males and 24 females, and 25 fish originated from smolt stocking (stocked fish) and 20 fish from natural recruitment or fry stocking (wild fish). Since 2005, the adipose fins of all smolts are clipped prior to release which allows determining the origin of the fish. On average, males were smaller than females -57.0 vs 60.7 cm FL (U Mann-Whitney test, P < 0.05), and the fish released near the river outlet from the lake were smaller than those released near its inlet -A radio telemetry study of sea trout Salmo trutta L. spawning migration in the £eba River... 58.2 vs 62.5 cm FL (P < 0.05). The mean fish lengths did not differ significantly among years or based on the origin of the fish (wild or stocked). Due to the high conductivity of the water, tracking the fish in the lake and the river segment connecting the lake with the sea was impossible. The fish were registered by an automated R4500 ATS device located 1.1 km from the inlet. A second station was located 45 km upstream in the spawning grounds (Fig. 1) . Additionally, manual tracking was performed irregularly from boats, cars, and on foot at approximately weekly intervals in various segments of the study area. Due to the irregularity, recorded migratory reach must be concluded to be minimal.
The fish are capable of regurgitating the tags (McCleave et al. 1978) . Smith et al. (1998) and Rivinoja et al. (2006) estimated regurgitation rates in migrating salmon to be about 15%, but it also possible that they can be significantly higher (Mellas and Haynes 1985) . With few exceptions, it was impossible to ascertain if the motionless tags (which were indicated by greater impulse frequency) had been regurgitated or were inside dead fish. This is why the location of these tags cannot be designated as the definitive end of a particular individual's migration, and it designates the minimal range of the migratory fish. It was possible to determine the following: (a) if the fish entered the river, (b) time lag between release and entering the river, (c) the farthest confirmed migration point, (d) the fates of some of the fish.
Log-linear analysis and the Pearson c 2 test were used to study the distribution of abundance. The comparison of variables among groups was done with the U Mann-Whitney test. The Spearman correlation was applied to study the dependencies among variables at a level of significance of P = 0.05. Statistical analysis was performed with the Statistica package (StatSoft Inc., Kraków, Poland).
Results
In 2007, 11 fish entered the river (41%) and in 2008 15 did so (33%) ( Table 1) . The difference between years was not statistically significant. The differences between the numbers of females and males that entered the river (14 or 33% and 12 or 40%, respectively) were also insignificant. More wild fish entered the river (9 or 45%) than did those from smolt stocking (6 or 24%); however, this difference was not statistically significant. Similarly, the site where the tagged fish were released did not influence the number of fish that entered the river: 19 (33%) at the outlet and 7 (47%) at the inlet. The mean length of fish entering and not entering the river were very similar at 58.7 and 59.3 cm (difference insignificant). In 2007, the fish entered the river (passed the first automated monitoring station) after an average of 6.0 days, while in 2008, they did so after 4.0 days; males entered after 5.1 and females after 4.8 days ( Table 1 ). The fish released at the outlet entered the river after 4.6 days (but in 2007 after 6.5 days), while at the inlet they did so after 5.7 days. None of these means differed significantly statistically. However, wild fish entered the river statistically significantly faster (P < 0.05) than did fish that had been stocked as smolts, at averages 2.3 and 5.7 days, respectively (Fig. 2) . The time lag before the fish entered the river was not correlated with either their length or release date. 6 Piotr Dêbowski et al. The mean migratory reach recorded in the two study years did not differ significantly statistically at 22.8 km in 2007 and 26.5 km in 2008 (Table 1) . The males migrated distinctly farther (at an average of 33.0 km) than did the females (18.0 km; P<0.05) (Fig. 3 ). There were no significant differences either between the fish released at different sites (outlet -26.4, inlet -20.9 km) or between the fish from stocking and wild individuals (22.9 and 28.8 km, respectively). The migratory reach was negatively correlated to the length of the fish (r =-0.389; P < 0.05), and did not depend on either the release date or the time when the fish entered the river.
In 2007, two fish were caught in nets in the coastal zone of the sea: the first approximately 50 km to the west and the second about 35 km to the east. Of the 11 fish that were recorded in the river (Table  1) , three reached the spawning grounds: one was upstream in the available segment, where it died or rid itself of its tag, and two were in the Rzechcinka, a left bank tributary, where they were poached at the spawning grounds (Fig. 1) . Three fish reached the dam at km 47 and two of them were probably preyed upon by otters, while the third swam downstream and reached the lake in mid December. The next ones were not recorded in the river, but in early January were caught by angling in the lower river segment. Two fish remained in the lower run, and one of them disappeared from there five days after having entered the river, and the second swam into the lake after 16 days in the river. Two fish stayed in the low run, and probably finally swam into the lake.
In 2008, 15 fish entered the river (Table 1) . Two wild fish reached the spawning grounds in tributaries: one in the Okalica and one in the Rzechcinka. The first fish swam downstream in mid December, but it still had not entered the lake by the end of January, and the second one died or rid itself of its tag in the spawning grounds. One of the stocked fish passed the dam at km 47 and died or rid itself of its tag just a few kilometers below the spawning grounds. Five fish reached the dam, but were unable to get past it; four wild fish died or rid themselves of their tags downstream of the dam and one of the stocked fish disappeared. Seven fish (three wild and four stocked) remained in the lower reaches of the river. Four of them died or rid themselves of their tags, and three disappeared (one of them stayed in the vicinity of the inlet and might have swum into the lake).
Discussion
Unfortunately, the high conductivity of the lake water did not permit receiving signals, which presented substantial methodological problems. The lack of contact with the fish immediately following tagging and release, which, as it occurred, was a key part of the experiment, meant that many important questions remained unanswered. It is particularly difficult to interpret the fact that many of the fish were not registered upstream from the lake. One of the possibilities is that relatively few fish continued migration, and, in extreme cases, some fish died in the lake. The unwillingness of tagged fish to continue migration is a phenomenon which, to a greater or lesser degree, is noted in telemetric studies (Evans 1994 , Okland et al 1995 , Gerlier and Roche 1998 A radio telemetry study of sea trout Salmo trutta L. spawning migration in the £eba River... 
2000, Jokikokko 2002
). This is likely the result of stress caused by capture and tagging. The methods applied in the current study appear, however, to be relatively mild. The fish were caught with trap nets, in which they remained for less than 24 hours, and the tags were placed in the stomachs, which is acknowledged to be a method that minimizes stress (McCleave et al. 1978, Bridger and Booth 2003) . Additionally, the fish used in the studies were caught during their spawning migration. Based on analogous data from a neighboring S³upia River (Dêbowski et al. 2008) , it is likely that in the first year of the study they were caught during the end of migration, and in the second year at its peak. As confirmed by Gerlier and Roche (1998) , salmon tagged at this moment refused to undertake further migration far less frequently than did fish tagged earlier.
However, it is known that two tagged fish changed direction of migration as they were caught in the sea. The second possibility is regurgitation (Smith et al. 1998, Bridger and Booth 2003) . It is believed that sea trout rid themselves of tags more frequently than do salmon (Marmulla and Ingendahl 1996) . This can result from feeding, but sea trout feed only sporadically during spawning migrations in the rivers of the southern Baltic (Che³kowski et al. 1990 ). It is possible to assume that regurgitation occurred and was the reason why the number of fish entering the river was underestimated.
One other possible reason could be the inability of the stocked fish to find the inlet of the river to the lake. The lake is very large and shallow, and the distance between the inlet and outlet is nearly 10 km. There is the lack of a distinct channel or water current, and in autumn the lake waters are mixed. The fish from stocking had never before been in the lake, and their memorized route was limited to the part of the channel that links the lake to the sea. This impairment was noted in the percentage of fish that migrated above the lake which was nearly as twice as small as that of the fish that swam down from the spawning grounds as smolts, as well as by the fact that it took them twice the time to do so. This is an anticipated result and concurs with most studies that compare wild and stocked fish: the latter decline to migrate more frequently and have difficulty in locating spawning grounds (Power and McCleave 1980 , Jonsson et al. 1990 , 1991 , Okland et al. 1995 . As long-term tagging studies have indicated, a lot of fish caught in the £eba River came from stocking of other coastal rivers, while fish that had been stocked into the £eba River often were caught in the neighboring rivers (Dêbowski and Bartel 1995) .
The main spawning grounds are located in the upper parts of the available catchment. It appears that a lot of fish reach this area and that spawning is effective (ICES 2010) . However, telemetric observations indicate that the barrier in the middle reaches is not passable for many fish: of eleven fish that swam to this point, only three were noted to have continued their migrations, while most of the others died downstream from the dam.
Only single tagged fish reached the spawning grounds: three in the Rzechcinka tributary, one in the Okalica tributary and one in the £eba. In 2008, when the origin of the fish was possible to distinguish, both of the fish at the spawning grounds came from either natural recruitment or stocking with fry. Additionally, several of the fish with which contact was lost in the £eba River could have entered one of the very small tributaries that were stocked with fry.
The results of the current studies permit drawing a few conclusions: 1) the disadvantageous conditions for conducting radio telemetry in the lower course of the river emphasized the drawbacks of the method applied and resulted in the underestimation of the number of fish continuing migration and the maximum migration range; 2) the barrier located in the central section of the available river segment was passable for a few fish, but for most it was impossible to pass; 3) fish that were released as smolts below the lake had a lesser chance of spawning as some could not find the inlet to the lake or covering the distance across the lake took more time, and the majority of those that made it farther remained in the lower course of the river without reaching the spawning grounds.
